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WIND-PJEITCL INVESTIGATION OF A LOW -DBAS 
AIRFOIL SECTIOF: WITH A DOUBLE RLO'JIZD FLAP 
By Seymour M. Bogdonoff 



SUMMARY 

Tectr: of a 0.209* chord double -slotted flap on an NACA 
65,3-113, a = 1.0 airfoil section have been made in the NACA 
two -dimensional low-turbulenco tunnel and the NACA two- 
dimensional low-turbulence pressure tunnel. The purpose of 
the investigation was to determine the lift, drag, and pitching- 
moment characteristics for a range of flap deflections. The 
results indicate that the combination of a low-drag airfoil 
and a double -slotted flap of which the two parts moved as a 
single unit gave higher maximum lift coefficients than have 
been obtained with plain , split, or slotted flaps on low- 
drag airfoils. The maximum lift coefficients were almost as 
high as those obtained on conventional airfoils of about the 
same thickness with 0- tO- -chord venetien-bllnd end double -slotted 
flaps. The pitching moments were comparable to those obtained 
with other high lift devices on conventional airfoils for 
similar lift coefficients. 



INTRODUCTION 

The MCA has for some time been investigating airfoils 
equipped with high lift devices for the purpose of improving 
the performano characteristics of those airfoils. The results 
of tests of low-drag airfoils equipped with plain, split, 
or slotted flaps have been presented in reference 1. The 
results of references 2 and 3 show that, on conventional air- 
foils, the highest lifts have been obtained with large -chord 
vonetian-blind and double -slotted flaps. The present inves- 
tigation was made to determine the lift, drag, and pitching- 
moment characteristics of a low-drag airfoil with a double- 
slotted flap at various flap deflections. In addition, the 
optimum position for maximum lift and the flap path were to 
be found. 
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Preliminary tea-is were marie to determine the 'beet position of 

the fore flap relative zo the rear flap ca the basis of m^i.num. 

section lift coefficient c 7 obtained at a flap deflect ion 

^max 

of 55°. survey of fore-flap position was United to those 

positions -it which the flao could be retracted without having the 
fore flap prr.tn-j.de "beyond the airfoil surface. The rear flap and 
fore flip were then fixea in the be?t relative position anc" the 
procedure was repeated for the unit, The flap path was so chosen 
that, at 45° deflection, the flap van In a position at which both 
sluts were effective and, at 6s° deflection, the flap was in a 
position at which maximum lift wan: reached. One pivot point was 
used for flap deflections up to * } whereas mother pivot point 
van used for deflections from to 65°. (Soe fig. 1.) 

Lift, drag, and pitching moments were obtained for flap 
deflections ran£in£ from 0° to 6-° . Lift and drag data were obtained 
at a Keynolds number of 6,OC0,00u and pitchiny-mjiuent data were 
obtained at a Reynolds number of ■'; /}00,C00 • Scale effect on maximum 
lift waa found lor a ranfce of foynolds numbers from '[.,000,000 
to 9,000,000. 



FESULTC AI-TP TESCUSSION 



The results of the flap-position survey of the double-slotted 
flap for the flap poo ;H Ion that w-uld gv-e n^xinum lift are presented 
in figure 2. Section lift characteristics for the combination with 
the flap deflected through a rarsfjo of angles from 0° to 6'T are 
presented in figure 3 for a Beynoltfs number of approximately 6,000,000. 
The maximum section lift coefficient obtained was 3 .ho at a flap 
deflection of 65°, at which an increment in maximum lift coefficient 
of about I.79 was obtained. Complete data for only one double- 
slotted flap are presented, but previous unpublished tests have 
shown that a decrease' in chord of the fore flap gave a decrease in 
the maximum lift obtainable. The so Jo effect on maximum lift; coeffi- 
cient was found to be negligible over the rrnge of Reynolds numbers 
tested. The small jogs in the lift curves, which appear for the 0° 
and 10° flap deflections, do not occur at the higher* deflections . 

Section dra;\; characteristics for the combination for flap 
deflections from 0° to yj° are presented in figure k* These tests 
were run at a Reynolds number of approximately 6,000,000. For -the 
flap retracted and deflected 10°, fairly low drag coefficients are 
obtainable over a range of lift o efficients from about -0.2 00 0.8, 
which includes the normal, high-speed and cmL-iinfj-f light conditions. 
The relatively low drag obtained for the 35° deflection is probably 
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due to the establishment of smooth flow through the main slot. 
At a flap deflection of 3;>°, a section lift-drag of approximately 
170 may he obtained at a lift coefficient cf about 1.6. 

For deflections above 350 no drag measurements were taken, 
hut visual observation of the wake -survey manometer indicated 
that the drags were not excessive. r : ;e high lifts with com- 
paratively low drags ere the result of uastalled flows over the 
flap, as was indicated by tuft surve: - which shewed no separ- 
ation of the flow over the flap ur to a b-Tl ,z n of 65°. 

Section pi echini-moment characteristics for the airfoil 
flap combination for all flap deflections tested ar^ ^restated In 
figure 0. Although pitching "moment coefficient! wuro measured 
at a Reynolds number of 4,500,000, little change in these char- 
acteristics is expected for other Re m Ids numbers because 
previous tests of slotted flaps on low-drag win ib s (reference 1) 
have shown that, for lifts bsiov max^rjuzn, scal.-v e ' ;■ ci ou 
pitching moments is very small. 

The double -slotted flap tested gave a lift coefficient 
higher than those obtained on the low-drag airfoils with plain, 
split, or slotted flaps reported in reference 1. The O.369- 
chord double-slotted flap tested on . 1 l8-percent-thick low- 
drag airfoil gave lifts almost an hi r\h the lift- obtained 
on conventional 1?- and 2i-percent-t--iick airfoils with 0.40-- 
chord Venetian blind and double-slotted flaps (references 2 
and 3). The increment in maximum li"t was I.79 for the low- 
drag airfoil and approximately 2.00 .'or i.\ j conventional airfoils* 
With the flap retracted, the double -slotted flap tested gave 
plain-wing section drag coefficients without the need of folding 
doors to close gaps and slots. The pitching moments shown in 
figure 5 are of aboux the same magnitude as pitching moments 
obtained for the O.kO -chord Venetian -blind and the double - 
slotted flaps of references 2 and 3. 



CONCEUSIOfG 

From the results of the tests of a 0.30^-chord double- 
slotted flap on an fJACA 65, 3-118, a * l.n airfoil, the 
following conclusions were reached: 

1. The double-slotted flap tested gave lift coeffi- 
cients higher than those that have been obtained on MCA 
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low-drag airfoils with plain, split, or slotted flaps and did not 
affect the low-drac characteristics of the win& with the flop re -.ranted. 

2. The combination tested aloo offered low clrag and raoforv.to 
lift for the cruising condition and f airly low drag and high iitt 
for take-off .?na climb conditions.. 

3. The lift coefficients obtained with the 0.309-chorC double- 
plotted flap were almost ao high as those obtained wj.th larger-chord 
venetian-blind ?snd double -slotted flaps on conventional airfoils of 
approximately the same tLickneaa as the low-drag airfoil Los Leo. 

h* The hi^ lift coefficients obtained with the 0.309-chord 
double -sic toed flap were accompanied by high pitching momc-jits, which 
were comparable to thooe obtained with other high lift devices 
giving similar maximum lift coefficients . 
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TABLE I 

ORDIMTES ^OP TFS NACA 65,?-ll8, a = 1.0, AIRFOIL 



[station and ordinates in percent of airfoil chord] 



Upp 6 r s u ™f a r, e 


Lower surface 


P>f>r- "hi on 




Q o 4* j /-iTt 




0 




0 




.1+1+1+ 


1.3^8 


.556 


-1,298 


.638 


1 .63"! 


.812 


-1.563 


1.180 


0.057 


1.320 


-1.91+9 




2.820 


2.579 


-0.634 


1+.910 


3.938 


5.090 


-3.672 


7.U06 


912 


7.591+ 


-14.1+88 


9.900 




10.095 


-5.165 


l'+.909 


6.903 


150)91 


-6,231 


19.918 


".030 




-7.C36 


2^.929 


0.501 




-r.bi+9 


29. Oh 2 


9.051+ 


i0AO>3 


-8.080 


3^.956 


1 -> Q n 
>* • O^'O 


55.01+lt 


-8.05-1 


°9.°71 


0,-506 


i+o. 029 


-8.U54 


U.986 


9.1+62; 


1+5.01*+ 


-3.068 


50.000 


9.1 J +5 


so. 000 


-8.(71 


55.013 


3.593 


5'^. S'87 


-7.1+97 


60.021+ 


7.S53 


'••••.or> 


-6.781 


65.032 


6.965 


07.063 


-5.935 


70.037 


5.972 


0O.-63 


-5.000 


75.039 


k.QOh 


71+.061 


-U .008 


80.037 


3.788 


79.963 


-2.99° 


85.032 


2.661 


81+ - 968 


-I.589 


90.023 


1.532 


O,- , ,.717 


-1.066 


95.012 


.650 ■ 


9^88 


- .304 


100.000 


0 




100.1, 00 




r, 



Leading edge radius = -1.9* 



Dlopo = 0.0^2 
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TABLE II 

C3DB7ATES FOP, A 0,309-CHOPD LCUBL3 -SLOTTED FLAP ON 

AN NACA 65,3-118, a » 1.0 AIRFOIL 
[Station and ordinates in percent of airfoil chord] 



Foro flap 


Station 


Upper 
surface 


Lower 
surface 


69,083 

69. 167 
6 C >, 375 
69«:x ; 3 
70.000 

70.833 

72,083 

73.333 

7), =;Ao 


-3.125 

-2.417 
-1.792 
-1,458 
-.708 
.188 
1.050 
l.6ok 
1.958 






-3c 729 
-4.104 

-4.333 
-4,500 
-4.438 
-2.708 
.292 
1.438 



75.206 I 2.125 1.771 

75.833 I 2.250 2,042 

76.458 [ 2.375 2.292 

76,875 ' 2.438 2.JJ17 



Bear flap 



Station 


Upper 


Lover 




surface 


s^rfaco 


75.563 


-1.250 




75 833 


-J.04 




76.250 


. 500 


-2.729 


77.033 


1.167 


-3.1': 6 


78.1-5 


1.771 


-3=250 


79.167 


0 1 QQ 


-3.167 


8.1.250 


O ^S? 


-2.729 


83.333 


2.583 


-2.292 


85.417 


2.425 


-I.867 


87.500 


2.104 


-1,467 


50.023 


1,582 


-1.058 


95-012 


.650 


-.334 


100.000 


0 


0 



Reference point for 



fie, 2 



/a 



re- 




section an4e of attack, a„ % deg 

Figure J.- Section lift characteristics of an NACA 65,3-118, a = 1.0 airfoil with a 
0.309c double-slotted flap at various deflections; R, 6,000,000 (approximately). 
Tests, TDT 399, I135, 



